Sequence-Function Relationships in Allostery Mediated by Disorder-To-Order Transitions  by Eginton, Christopher & Beckett, Dorothy
256a Monday, February 17, 2014reuptake of dopamine (DA), a neurotransmitter responsible for pleasurable
feelings. Work by Shan et. al. suggests that two DAmolecules must bind before
transport through DAT can occur, while other research disagrees. For this
reason, the transport mechanism remains ambiguous. Using molecular dy-
namics simulations and a dual bilayer system with two DAT proteins, our study
mimics physiological conditions at a synapse. One protein began in its
occluded state, with DA and sodium bound in the S1 binding pocket. In this
poster, we report the results from our simulation in which a single DA dissoci-
ated from the protein into the intracellular matrix without the need for a second
bound DA. The sodium ions have yet to leave the binding pocket.
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Allostery functions in many biological systems including signal transduction,
transcription regulation, and metabolism. Although disorder-to-order transitions
contribute to numerous allosteric processes, the relationship of the functional
allosteric response to the sequences that undergo these transitions is not known.
The Escherichia coli biotin repressor, BirA, is an allosteric transcription regula-
tory protein that undergoes ligand-induced loop folding upon corepressor,
bio-50-AMP, binding. Ligand binding and dimerization are coupled processes
with bio-50-AMP binding enhancing the dimerization free energy by 4.0 kcal/
mole. Previous work has demonstrated that adenylate binding is coupled to
folding of a loop in which any single alanine replacement disrupts effector bind-
ing, loop folding and functional coupling. In thiswork, coupling between residues
that contribute to the disorder-to-order transition was investigated by studying
variant proteins with several combinations of alanine substitutions. Combined ki-
netic and equilibrium measurements reveal non-additive effects of multiple
amino acid substitutions for all BirA functions. The results also indicate that spe-
cific combinations of alanine substitutions lead to reversion of the allosteric
response toward that observed for thewild type protein. In combination the results
suggest that, analogous to protein folding, full function in disorder-to-order tran-
sitions requires appropriate packing of the relevant side chains.
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Cellular differentiation is frequently regulated by multi-protein complexes
(MPC). There is immense interest in isolating individual components of
MPCs and how their interactions regulate cellular differentiation. The studied
evolutionary conserved MPC is located in the subapical region of embryonic
epithelia in Drosophila melanogaster. It plays a central role in the maintenance
of the epithelia cell polarity and morphogenesis. The MPC is composed of the
four proteins Crumbs (Crb), Stardust (Sdt), DLin-7 and DPATJ. The scaffold
protein Sdt contains two subsequent L27 domains mediating the interaction be-
tween DPATJ and DLin-7. The trans-membrane protein Crb binds to the PDZ
domain of Sdt via its cytoplasmic tail.
We used high precision Fo¨rster resonance energy transfer (hpFRET) with
Multi-parameter fluorescence detection on the single-molecule level in order
to understand quantitative parameters and spatial dynamics of the Sdt-DLin-
7 complex. Single-molecule data, homology modelling and FPS (FRET-
restrained positioning and screening) highlight that DLin-7 is present in various
conformations: a folded- and an unfolded-state. In the folded-state a major- and
the minor-conformation were identified. The Sdt-bound-state is comparable to
the major-state. Conclusive a binding- and folding-equilibrium is postulated
and confirmed experimentally.
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The OPEP coarse-grain protein force field has been shown to provide very good
results for folding small soluble proteins, using MD and REMD [1]. However nosystematic study of the energy landscapes generated by this force field has been
done. Such a study could enable the identification of non-native low-lying energy
minima, whose presence in the potential energy landscapes could lead to kinetic
traps, significantly slowing down the folding process, or even for some systems
leads to the detection of non-native states of lowest free energyminima.The energy
terms of the force field can then be re-optimized to create amore energy landscape.
Here, we investigate the properties of OPEP-based energy landscapes with
GMIN [2], a basin-hopping technique [3] to locate global free energy minima.
[1] Chebaro Y.; Pasquali S.; Derreumaux P. The Coarse-Grained OPEP Force
Field for Non-Amyloid and Amyloid Proteins The Journal of Physical Chem-
istry B 2012, 116, 87418752.
[2] Wales D.J., GMIN: a program for basin-hopping global optimisation. http://
www.wales.ch.cam.ac.uk/software.html.
[3] Li Z., Scheraga, H.A. Monte Carlo-minimization approach to the multiple-
minima problem in protein folding Proc. Natl. Acad. Sci. U.S.A. 84, 6611 (1987).
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The structures of the key classes of biological macromolecules: proteins, nucleic
acids and polysaccharides can be dissected into very regular motifs, which are
alpha-, beta, and double helices and sheets. In this communication we demon-
strate that these regular patterns arise as a result of dipole-dipole interactions
of the polar groups (peptide, nucleic-acid-base or sugar-ring groups) and the
coupling of these interactions with backbone-local interactions, described at
the mean-field level; the averaging is carried out by rotating the dipole of a polar
unit about its virtual-bond axis. This principle is behind the coarse-grained UN-
RES force field for large-scale protein simulations developed in our laboratory,
which has performed well in the blind protein-structure-prediction CASP exer-
cises, and our recently developed NARES-2P and SUGRES-1P force fields for
nucleic acids and polysaccharides, respectively. We demonstrate how changing
the orientation of the dipole with respect to the rotation axis of the polar unit and
changing the pattern of local interactions result in the formation of different reg-
ular helical and sheet patterns. Moreover, we demonstrate that the structure of
regular patterns and loop linkers can be obtained in a semi-analytical manner
as solutions of the Discrete Nonlinear Schroedinger Equation (DNLSE) with a
Hamiltonian constructed from the mean-field terms. These developments open
avenues both to large-scale physics-based simulations of the structure and dy-
namics of biological macromolecules and to qualitative understanding of the
relationship between the pattern of interactions and structure, which can
contribute to our understanding of processes that originate in major conforma-
tional changes upon mutation or alteration of environment, which are behind,
e.g., cancer and conformational diseases. Examples of ab initio simulations
with the UNRES, NARES-2P, and SUGRES-1P are presented.
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Understanding the relation between protein flexibility, stability and function re-
mains one of the most challenging, open questions in biophysical chemistry.
For example, proteins need to be flexible to facilitate substrate binding but
locally rigid to sustain substrate specificity. Exemplary cases are thermophilic
enzymes from archaea and bacteria. These proteins are stable and functional at
elevated temperatures but generally lack activity at ambient conditions. There-
fore, their thermal stability has been correlated to enhanced mechanical rigidity
through the ‘‘corresponding states’’ paradigm [1]. There are, however, a num-
ber of studies on thermophilic proteins that have questioned this view [2].
In this work we present a comprehensive computational study, that questions
the ‘‘rigidity paradigm’’, at least in its universal character. We compare a
pair of homologous G-domain proteins, with their melting temperatures
differing by 40 K. Our study points to a clear result: at ambient condition the
hyperthermophilic protein has comparable or even enhanced flexibility with
